Background: Children with vertically acquired HIV-infection (CLHIV) surviving into adulthood are susceptible to sequelae such as chronic lung disease (CLD) including bronchiectasis. Our objective was to characterize bronchiectasis radiologically and functionally, estimate prevalence, and determine risk factors in Indian CLHIV. Meterials and methods: In this prospective cross-sectional study, CLHIV aged 5-18 years were categorized into either high-resolution computed tomography (HRCT) confirmed bronchiectasis or control groups without clinical evidence of CLD. Clinical and radiological evaluations, chart review, spirometry, and six-minute walk test (6MWT) were performed. Baseline characteristics of both groups were compared using Mann-Whitney U or Chi-square, or t tests. Multivariable logistic regression was used to determine factors independently associated with bronchiectasis. Findings: Four hundred and eleven CLHIV with median (IQR) age 12 years (9.5-14.5) were screened. Thirty-nine (10.6%) children had bronchiectasis and 160 with no CLD were controls. Mean ± SD of zFEV 1 (−2.61 ± 0.9) and zFVC (−2.0 ± 0.8) in the bronchiectasis group was significantly lower than that of control group (zFEV 1 = −0.37 ± 0.87; zFVC = −0.55 ± 0.88). During 6MWT, 41% in the bronchiectasis group desaturated (Chi-square = 6.19; p = 0.01) as compared to 20% in control group and 76% covered <3rd centile distance (Chi-square = 3.95; p = 0.047) as compared to 57% in control group. Age >5 years 95% CI [1.30, 8.87]) at HIV-diagnosis and recurrent sino-pulmonary infections (OR-2.37; 95% CI [1.07, 5.24]) were found to be independent risk factors for the development of bronchiectasis. Interpretation: Bronchiectasis was seen in 9.5% of our cohort of CLHIV causing significantly abnormal pulmonary function. Late HIV diagnosis (age >5 years) and recurrent sino-pulmonary infections were independent risk factors for developing bronchiectasis.
IntroductIon
Many children with vertically acquired human immunodeficiency virus (CLHIV) infection are surviving into adulthood as the pediatric HIV national program in India enters into its second decade. The majority of these individuals have a heavy burden of chronic sequelae, such as growth failure, pulmonary disease, and drug related toxicities. 1 Despite scaling up of services to prevent mother to child HIV transmission, undiagnosed older children with HIV infection still account for majority of new enrolments in India. 2 The prevalence of recurrent lower respiratory tract infections (LRTI) and tuberculosis (TB) in HIV-infected children is high, placing these children at risk of developing chronic lung disease (CLD) including bronchiectasis. 3, 4 Consequently, a new heterogenous group of HIV-infected children with CLD include antiretroviral therapy (ART) exposed adolescent children and newly diagnosed older children representing a previously under recognized but emerging facet of the HIV epidemic in India.
There are limited studies of bronchiectasis in children particularly in those with HIV infection. 5 Bronchiectasis is infrequently diagnosed because of a low index of suspicion and inaccessibility of the relatively expensive gold-standard diagnostic high-resolution computed tomography (HRCT) in developing countries. The objective of our study was to determine the prevalence of bronchiectasis, characterize bronchiectasis radiologically and functionally, and determine associated risk factors in Indian CLHIV.
Assessments included detailed history, anthropometry, clinical examination, and World Health Organization (WHO) clinical staging of HIV disease, which were recorded in prestructured proformas. Height, weight, and BMI were expressed as gender-specific z-scores based on Indian growth charts. 6 Charts were reviewed for age at diagnosis, mode of transmission, baseline nutritional, clinical and immunological status, previous history of TB, and preceding recurrent sino-pulmonary infections. All children were screened for TB as per the revised national TB control program. 7 Children with active TB disease were referred for appropriate treatment and were excluded from the study.
A child was considered to have CLD if two or more of the following features were present: 8 (i) chronic cough (present most days for 3 months of the year in the past 2 years), (ii) recurrent sino-pulmonary infections (≥2 episodes of serious sinus or lower respiratory infections in a single year or ≥3 episodes ever), (iii) moderate to severe limitation in physical activity caused by breathlessness (New York Heart Association class 2-4), (iv) an existing diagnosis and/or clinical signs of cor-pulmonale such as finger clubbing, raised jugular venous pressure, and (v) hypoxia (O 2 saturations <92% at rest) or desaturation (≥5%) on exercise.
Bronchiectasis Group
All children with suspected CLD underwent non-contrast HRCT in the same CT scanner (AQUILLION-16, TOSHIBA, Japan) and were reported by two independent radiologists using a standardized scoring system, 9 with discrepancies resolved by consensus. Children with HRCT confirmed bronchiectasis were included in the study as bronchiectasis group. As per the Fleischer society glossary of terms, bronchiectasis was defined as bronchial dilation with an internal lumen diameter greater than that of the accompanying pulmonary artery or a lack of bronchial tapering. 10 Bronchiectasis was further classified into focal disease when confined to one lobe, multifocal disease between two and four lobes, and diffuse disease when in more than four lobes. 11
Control Group
The control group included children without clinical evidence of CLD and the following exclusion criteria: children who (i) were currently taking anti-TB treatment, (ii) reported acute respiratory symptoms (≤1 week of any one or more of fever, cough, purulent sputum, and pleuritic chest pain), (iii) required emergency hospitalization, (iv) had a history of documented recurrent wheeze, and (v) had abnormal spirometry or were unable to reliably perform spirometry.
Pulmonary Function Tests
Spirometry assessments were performed according to ATS/ERS standards adapted for children using the portable Easy-on-PC spirometer (ndd, Switzerland). All assessments were undertaken with the child seated and nose clip in situ. Successful spirometry was defined as those with at least two technically acceptable forced expiratory maneuvers according to ATS/ERS acceptability and repeatability criteria adapted for children. 12 All spirometry data were subjected to independent quality control using the same over-read method. 12 Forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1 ), and FEV 1 /FVC are reported as z-scores. All data were adjusted for age, sex, and height and expressed using recently derived "GLI-2012 Indian" spirometry co-efficients. 13, 14 All children performed the 6-minute walk test (6MWT) as per the ATS guidelines to determine exercise tolerance. 15 The distance covered during the 6MWT by children was plotted against the age and sex-specific normograms for healthy children. 16 
stAtIstIcAl Methods
Data are presented as median [interquartile ranges (IQR)], mean [standard deviation (SD)], and proportions. Baseline characteristics of the bronchiectasis and control groups were compared using Mann-Whitney U, Chi-square, or t tests, as appropriate. Multivariable logistic regression was used to determine factors independently associated with bronchiectasis. All variables with p value ≤0.05 at univariate analysis such as age of HIV diagnosis, baseline height for age and immunological status, and preceding recurrent sinopulmonary infections were included in the model. A two-tailed p value <0.05 was considered statistically significant. All analyses were performed using SPSS software for Windows (version 16.0; SPSS, Inc., Chicago, Illinois). Graphs were created with GraphPad Prism (version 5: GraphPad Software, San Diego, California).
results
Four hundred and eleven children were screened and 42 were excluded with evidence of active TB, respiratory tract infections, or horizontal transmission of HIV. Of the remaining 369 children, 160 (43.4%) had no clinical evidence of CLD and formed the control group. One hundred and thirty-nine children with clinical evidence of CLD underwent HRCT. Of these, 39 (28%) were found to have bronchiectasis (prevalence of 9.5%). The flow of patients is shown in Flowchart 1. Children in both groups were comparable with respect to sex, mean age at assessment, nutritional status, treatment status, and duration of ART exposure (Table 1) .
Where present, bronchiectasis was diffuse in 38% of children and focal in 36%. Parenchymal disease was seen in 85% of this cohort. These changes included non-cavitating nodules (54%), tree-in-bud (31%), granulomata (23%), and ground glass (23%). Areas of hypoattenuation, synonymous with small airways disease, were seen in 97% of bronchiectatic children. Figure 1 demonstrates some of the HRCT changes seen in our HIV children with bronchiectasis.
Acceptable spirometry data were available in 37 of 39 children in the bronchiectasis group and in all 160 control group children. FEV 1 , FVC, and FEV 1 /FVC were significantly reduced by, on average, 2.3, 2, and 0.3 z-scores, respectively, in children with bronchiectasis when compared to control children (Table 1 and Fig. 2) .
The description of one-way analysis of variance (ANOVA) between spirometric values and bronchiectatic children with or without parenchymal disease and control group is shown in Table 2 . The magnitude of reduction in FEV 1 , FVC, and FEV 1 /FVC ratio was larger in children with both bronchiectasis and parenchymal disease.
There was no correlation between FEV 1 and age at diagnosis, baseline nutritional and immune status, history/CT evidence of TB, and extent of bronchiectasis on HRCT.
During the 6MWT, 41% of the children with bronchiectasis desaturated as compared to 20% in the control group (Chi-square = 6.19; p = 0.01). The distance covered during the walk test was less than 3rd centile against age and gender-matched healthy children in 76% of children with bronchiectasis as compared to the 57% in control group, (Chi-square = 3.95; p = 0.047).
Univariate Cox regression analysis showed that children who were >5 years of age (OR 2.52, 95% CI [1.09, 5.78], p = 0.03), growth restricted (OR 2.77, 95% CI [1.32, 2.83], p = 0.01), severely immunosuppressed (OR 2.23, 95% CI [1.08, 4.60], p = 0.03) at HIV diagnosis, and those with preceding recurrent sinopulmonary infections (OR 2.16, 95% CI [1.06, 4.40], p = 0.03) were at significantly higher risk of having bronchiectasis. Although there was no statistical significance, children with a history of pulmonary TB were 1.98 times (95% CI [0.96, 4.06], p = 0.06) more likely to have bronchiectasis than children without pulmonary TB (Fig. 3) .
A multivariable Cox proportional hazards mortality model showed age >5 years (OR 3.39, 95% CI [1.30, 8 .87], p = 0.01), and preceding recurrent sino-pulmonary infections (OR 2.37, 95% CI [1.07, 5.24], p = 0.03) at HIV diagnosis as independent risk factors for bronchiectasis ( Fig. 3 ).
dIscussIon
The current study is probably the first report from India in HIVinfected children with bronchiectasis in the era of widespread use of ART. The major strength of this study is universal availability of HRCT for the diagnosis of bronchiectasis. In the context of high prevalence of HIV-TB co-infection, this study provides an insight into the role of various risk factors associated with bronchiectasis and pulmonary function in these children.
In our cohort of CLHIV, we found a significant burden of bronchiectasis (9.5%) associated with poor lung function. Late diagnosis of HIV and recurrent sino-pulmonary infections were independently associated with higher odds of having bronchiectasis. Two studies in children with HIV have reported prevalence rates of bronchiectasis ranging from 5.7% 17 to 15.8%. 18 In both studies, significant proportion of patients were diagnosed without HRCT. The prevalence of bronchiectasis among HIV-infected children with CLD in our study was 28% (39/139), and the use of HRCT for the diagnosis could be the reason for the higher prevalence noted. Bronchiectasis in children with HIV has been associated with recurrent pneumonia, lymphoid interstitial pneumonitis (LIP), and severe immunosuppression. 17, 18 The severity of bronchiectasis in our children varied from focal unilobar involvement to extensive cicatrizing bilateral involvement. However, there was no correlation between severity (defined as extent of involvement) of bronchiectasis with age at diagnosis, baseline nutritional, or immune status. Parenchymal involvements such as non-cavitatory nodules, tree-in-bud, ground glass opacities, and mosaic attenuation were seen in a majority of these children. A third of our children with bronchiectasis had features suggestive of non-tuberculous mycobacterial infection and/or constrictive bronchiolitis. HRCT signs of non-tuberculous mycobacterial infection include bronchiectasis, nodules, treein-bud, patchy consolidation, and cavities, often affecting the upper lobes and superior segments of lower lobes in the classic subtype and middle lobe/lingula in the non-classic subtype. 19 As our cohort had stable HIV disease and were not acutely unwell, non-tuberculous mycobacterial infection is unlikely. HRCT findings in constrictive bronchiolitis include both central and peripheral bronchiectasis, bronchial wall thickening, centrilobular nodules, and tree-in-bud appearance. 20 Constrictive bronchiolitis is associated with several insults causing lung injury, including collagen vascular diseases, inhalation of allergens or toxins, and infection with pathogens such as adenovirus, mycoplasma, respiratory syncytial virus, influenza, or HIV itself. In an African cohort of adolescents with vertically acquired HIV, constrictive bronchiolitis was the most common cause of CLD including bronchiectasis. 8 This led the authors to speculate that the frequent respiratory tract infections that occur in untreated HIV-infected children result in cumulative inflammatory damage causing small airway disease and development of bronchiectasis. 8 Functionally, FEV 1 , FVC, and their ratio were significantly lower in children with bronchiectasis than the children without CLD. Weber et al. found that median FEV 1 was 60% of the predicted in their cohort of HIV-infected children with CLD including bronchiectasis. 21 Ferrand et al. showed abnormal spirometry (FEV1<80% of predicted) in 45% of their CLD children with HIV. 8 This lower prevalence of abnormal spirometry in their study could be due to inclusion of non-bronchiectatic CLD children and also older age of children in their cohort. Many studies have shown negative correlation between severity of bronchiectasis and pulmonary function in adults but not in HIV-infected children, 18 which was also replicated in our study. Nevertheless, in children with bronchiectasis and parenchymal disease, the magnitude of reduction in FEV 1 , FVC, and FEV 1 /FVC ratio was larger.
The incidence of bronchiectasis was significantly higher when HIV was diagnosed after the age of 5 years. Masekela et al. showed that mean age of diagnosis of HIV was 6.9 years in their cohort of 35 bronchiectatic children. 22 As the age above 5 years at HIV diagnosis is an independent risk factor, the direct role of HIV in the development of bronchiectasis needs to be investigated. Late HIV diagnosis and consequent delay in ART initiation increases the vulnerability to opportunistic infections including recurrent sinopulmonary infections which may result in bronchiectasis.
It was found that significantly higher number of growth restricted children had bronchiectasis than children with normal height. The impact of nutrition on lung morbidity is well-described in cystic fibrosis, where children with low BMIs suffer higher morbidity from lung disease. 23 Multiple factors are responsible for the short stature in children with HIV infection including increased metabolic demand due to CLD, HIV infection, and recurrent opportunistic infections or poor socio-economic status or HIV-associated wasting syndrome. Hence, it is difficult to establish the role of these individual factors as cause or effect of bronchiectasis. In the current study, bronchiectasis was seen more frequently in severely immuno-suppressed children than in no or mildly immuno-suppressed children at baseline. This prevalence of bronchiectasis among children with varying severity of immunosuppression shown in our study is in contrast to the estimation of level of immuno-suppression among children with bronchiectasis reported in the literature. 17, 18, 24, 25 Contrary to expectations, pulmonary TB (as determined by history and case note review) was not significantly associated with bronchiectasis. The diagnosis of bronchiectasis in the context of high burden of pulmonary TB is challenging. The prevalence of TB in HIV-infected children varies between 30% and 60% in India. 3, 4 The difficulties of diagnosing TB in HIV-infected children are well-documented, and in a high TB burden country like India, there may be over-reliance on radiological diagnosis. This has led to over-diagnosis of TB due to radiological similarities between TB and CLD which may result in bronchiectasis. Many children in our study received anti-TB treatment more than once, as diagnosis of pediatric TB depends heavily on chest X-ray interpretations.
Recurrent sino-pulmonary infections preceding HIV diagnosis are significantly and independently associated with bronchiectasis. Shiekh et al. showed higher incidence of bronchiectasis in children with AIDS pneumopathy with recurrent or unresolved pneumonia. 18 Berman et al. showed very high incidence of recurrent pneumonia preceding the diagnosis of bronchiectasis. 17 Unlike in children without HIV infection, management of sino-pulmonary infections in HIV-infected children may require a different approach such as specific antimicrobials for longer duration, as inadequately treated sino-pulmonary infections could herald a vicious cycle of inflammation leading to bronchial wall destruction and irreversible dilatation which is the hallmark of bronchiectasis. 26 It is wellestablished fact that cotrimoxazole preventive therapy (CPT) is one of the strategies to prevent serious recurrent bacterial infections in children. Prompt implementation of current recommendations of early diagnosis of HIV infection and universal initiation of ART and CPT to all children below 5 years can potentially prevent bronchiectasis. 27 Few pediatric studies show an association between LIP and bronchiectasis. However, the role of LIP as a risk factor for bronchiectasis could not be evaluated in our study due to nonavailability of diagnostic facilities. As viral load monitoring is routinely not available in the national program, the role of viral load in the development of bronchiectasis could not be established. Further prospective studies are needed to evaluate the role of these risk factors in the development of bronchiectasis in HIV-infected children. Longitudinal follow-up of these children with spirometry to assess the progression of bronchiectasis and impact of ART should be the focus of future research.
To conclude, bronchiectasis is widely prevalent in HIV-infected children with the severity varying from focal to diffuse disease. Lung function in these children is significantly impaired. Age of the children above 5 years at HIV diagnosis and preceding recurrent sino-pulmonary infections are associated risk factors for bronchiectasis. Further studies should focus on exploring measures to prevent bronchiectasis in children with HIV.
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